Rubus suavissimus S. LEE (Rosaceae) is a shrub widely grown in Guang-Xi province, China. The leaves are used as an herbal tea called Tien-cha (sweet tea) or as natural sweeteners. The sweetening principle, which is 114-fold sweeter than sucrose, is a diterpene glycoside called rubusoside (18) . 1, 2) In addition, the so-called GOD-type ellagitannins in this plant were reported to have antiallergy or antiinflammatory activities.
. [9] [10] [11] Lambertianins, isolated from Rubus lambertianus, are closely related to sanguiins. However, these tannins differ in configuration at anomeric positions of the component glucose moieties. 4) In these dimeric and oligomeric tannins, the sanguisorboyl group is connected to two ellagitannin monomers to form dimeric and oligomeric ellagitannins, and therefore it is deduced that the sanguisorboyl group is produced by intermolecular regioselective oxidative coupling between a 3,3Ј,4,4Ј,5,5Ј-hexahydroxydiphenoyl (HHDP) group and a galloyl group.
12) The ellagitannins of R. suavissimus are considered to be similar to sanguiins and lambertianins, but the chemical details have not been clarified. This paper describes the isolation and elucidation of the structure of GOD-type ellagitannins and their a-amylase inhibitory activity.
Results and Discussion
Dried leaves of R. suavissimus collected in Guang-Xi, China, were homogenized in 70% acetone. The extract was concentrated and dried with a spray dryer. Fractionation of the extract on Sepabeads SP825 column chromatography afforded tannin fractions and diterpene glycoside fractions. Normal-phase HPLC of the tannin fractions indicated the presence of monomeric to pentameric hydrolysable tannins ( Fig. 1) . 7, 8) The tannin fractions were further separated on Sephadex LH-20, Diaion HP20SS, Chromatorex ODS, and preparative HPLC to yield six new ellagitannins herein named rubusuaviins A-F (8-13) along with seven known tannins. The known tannins were identified as pedunculagin (1), 6) 1(b)-O-galloyl pedunculagin (2), 13) strictinin (3), 14) sanguiin H-5 (4), 7, 8) lambertianin A (5), 4, 15) sanguiin H-6 (6) [5] [6] [7] [8] and 1-desgalloyl sanguiin H-6 (7) 7, 8) by direct comparison of their spectral and physical data with those of authentic samples (Fig. 2) .
Compound 8 was isolated as a pale brown, amorphous powder and characterized as an ellagitannin by its characteristic colorations with ferric chloride reagent (dark blue) and sodium nitrate-AcOH reagent (brown) on thin-layer chromatography (TLC). The MALDI-TOF-MS showed a [MϩNa] ϩ peak at m/z 1127, and the molecular formula C 48 5 Hz) , and a large difference in the chemical shifts of these signals was commonly observed in the ellagitannins with the (S)-HHDP or sanguisorboyl groups at the 4,6-positions. 17) In addition, compared with the 1 H-NMR signals of 1(b)-O-galloyl-pedunculagin (2) the H-1, H-3, and H-5 signals were largely shifted to the upper field [Dd Ϫ0.25 (H-1), Ϫ0.1 (H-2), Ϫ0.51 (H-3), Ϫ0.18 (H-4), Ϫ0.51 (H-5), 0.29 (H-6), Ϫ0.03 (H-6)]. The upfield shifts of these protons located on the a-side of the pyranose ring were caused by the anisotropic effect of the additional galloyl group of the sanguisorboyl group, which indicates the orientation of the sanguisorboyl group.
4) The locations of the acyl group were confirmed based on the HMBC correlations between glucose protons, ester carboxyl carbons, and aromatic protons (Fig.  3) . The atropisomerism of the chiral HHDP and sanguisorboyl groups was determined to be S based on the circular dichroism (CD) spectrum, which exhibited a strong positive Cotton effect at 237 nm and a negative one at 264 nm. 18) Moreover, selective hydrolysis of the galloyl group by treatment with tannase yielded desgalloylsanguiin H-2, which was identified by comparison with an authentic sample prepared by similar hydrolysis of sanguiin H-2. 7, 8) Consequently, the structure of compound 8 was confirmed to be 1-O-galloyl-2,3-O-(S)-HHDP-4,6-O-(S)-sanguisorboyl-b -D-glucopyranose and was named rubusuaviin A.
Compound 9 was characterized as a dimeric ellagitannin based on its brown coloration with sodium with nitrateAcOH reagent and a [MϩNa] ϩ ion peak at m/z 1895 in the MALDI-TOF-MS. In the 1 H-NMR spectrum, three two-proton singlet signals (d 6.85, 6.91, 7.05), five one-proton sin-Vol. 55, No. 9 33, 6 .52, 6.54, 6.65, 6.76), and a pair of meta-coupled doublet signals (d 7.02, 7.05, Jϭ2 Hz) indicated the presence of three galloyl, two HHDP, and one sanguisorboyl groups. The acyl groups were confirmed based on the 13 C-NMR signals, and the configuration of the biphenyl bonds of the HHDP and sanguisorboyl groups was shown to be S series based on a large negative Cotton effect at 264 nm and a positive one at 237 nm in the CD spectrum.
18) The sugar proton signals were assigned based on Furthermore, HMBC correlations between pyranose ring protons and ester carbonyl carbons of the respective acyl groups confirmed the location as shown in Fig. 3 . Based on the spectral observations, the structure of 9 was determined as shown in Fig. 3 and was named rubusuaviin B.
Compound 10 was isolated as a pale brown, amorphous powder and the MALDI-TOF-MS gave a [MϩNa] ϩ ion peak at m/z 2845, indicating that 10 is an ellagitannin trimer. The 1 H-NMR spectrum was similar to that of 9, showing signals arising from pyrogallol ring and acylated sugar moieties. However, the spectrum exhibited 21 aliphatic proton signals attributable to three b-glucopyranoses, which were confirmed by acid hydrolysis and HPLC analysis after condensation with L-cysteine methyl ester and o-tolyl isothiocyanate. The low-field shift of the glucose protons and their large coupling constants indicated that all of the hydroxyl groups were esterified and the pyranose was adapted to a 4 13 C-NMR signals confirmed the presence of these acyl groups (see Experimental). The CD spectrum suggested that the atropisomerism of the biphenyl bonds was S series, which was confirmed by methylation and alkaline hydrolysis. 5, 7, 8) Complete assignments of the sugar proton and carbon signals were achieved by performing 1 H-1 H-COSY, HMQC, and HMBC spectral analyses, and the location of the acyl groups was determined based on the HMBC correlations between the sugar proton signals and ester carbonyl carbons (Fig. 3) . Compared with the H-3Љ (d 5.44) of the terminal unit, large upfield shifts of the signals due to H-3 (d 4.91) and H-3Ј (d 4.97) of the glucose-bearing sanguisorboyl esters were observed consistently for 8, supporting the orientation of the sanguisorboyl esters at the glucose C-4 and C-6 positions. Thus the structure of compound 10 was determined as shown in Fig. 3 and was named rubusuaviin C.
Compound 11 showed an [MϩNa] ϩ ion peak at m/z 2693 in MALDI-TOF-MS, indicating that the molecular weight was 152 mass units less than that of 10. The 1 H-NMR spectrum was also similar to that of 10. However, signals attributable to galloyl groups were not observed, and complex sugar proton signals suggested the presence of anomeric equilibrium due to the occurrence of a free anomeric hydroxyl group. The spectral observations strongly suggested that 11 is a desgalloyl derivative of 10, which was confirmed by se-lective hydrolysis of the galloyl group of 10 with tannase to yield 11. Therefore the structure of 11 was determined as shown in the Fig. 4 C-NMR spectrum also supported the presence of these acyl groups. Partial hydrolysis of 12 in hot water yielded pedunculagin (1), 1-desgalloyl sanguiin H-6 (7), rubusuaviin D (11), and compound 13 (Fig. 4) . Compound 13 was also derived from 12 by treatment with tannase, indicating that compound 13 is the 1-desgalloyl analogue of 12. Consequently, compound 12 was determined to have the structure shown in Fig. 4 and was named rubusuaviin E. In addition, the hydrolysate 13 was isolated from the same plant source and named rubusuaviin F.
Our results established the structures of the major ellagitannins of R. suavissimus, which comprise monomeric to tetrameric ellagitannins. Although the isolation was unsuccessful, the presence of pentameric ellagitannins was also indicated by normal-phase HPLC of the ellagitannin fractions (Fig. 1) . The oligomeric ellagitannins have sanguisorboyl esters and are closely related to those of S. officinalis. The important difference between the ellagitannins of these two plants is the configuration at the glucose anomeric positions; that is, the major ellagitannins 8, 9, 10, and 12 of R. suavissimus have b-galloyl groups at the C-1 positions. In contrast, the major ellagitannins of S. officinalis, 1-O-galloyl-2,3,4,6-bis-(S)-HHDP-a-D-glucose (14) , sanguiins H-2 (15), H-6 (6), H-10 (16), and H-11 (17) have a-galloyl esters (Fig. 5) . The difference was reflected in their inhibition of a-amylase activity, which has been linked to a decreased incidence of common diseases caused by diets rich in carbohydrates. 19) The positive control used in this experiment was theaflavin-3,3Ј-di-O-gallate (19) . 19) As shown in Table 1 , ellagitannins with a b-galloyl group showed stronger inhibition compared with those with a-galloyl groups or free hydroxyl groups. The inhibitory effect was not related to molecular size. The results indicate that the a-amylase inhibitory activity of total ellagitannins of R. suavissimus was much stronger than that of S. officinalis ellagitannins. In addition to the presence of diterpene glycosides as the sweetening principle, the presence of these ellagitannins supports the use of Chinese sweet tea as a complementary medicine to help reduce the occurrence of common diseases, such as diabetes.
Experimental
General Elemental analysis was conducted with a PerkinElmer 2400 II analyzer (PerkinElmer, Waltham, MA, U.S.A.). Infrared (IR) and Ultraviolet (UV) spectra were obtained with JASCO FT/IR-410 and JASCO V-560 spectrophotometers, optical rotations were measured with a Jasco DIP-370 digital polarimeter, and CD spectra were measured on a JASCO J-720W spectropolarimeter. 1 13 C. Coupling constants are expressed in Hz and chemical shifts are given on a d (ppm) scale with tetramethylsilane as an internal standard. HMQC, HMBC, and NOESY experiments were performed using standard Varian pulse sequences. Mass spectra (MS) were recorded on a Voyager-DE Pro spectrometer, and 2,5-dihydrohydroxybenzoic acid or a-cyano-4-hydroxycinnamic acid (10 mg/ml in 50% acetone containing 0.05% trifluoroacetic acid) was used as the matrix for MIDLI-TOF-MS measurements. Column chromatography was conducted with Sepabeads SP825, Diaion HP20SS (Mitsubishi Chemical Co.), Chromatorex ODS (Fuji Silysia Chemical Ltd., Japan), and Sephadex LH-20 (Pharmacia Fine Chemical Co.) columns. Thin-layer chromatography (TLC) was performed on 0.2-mmthick precoated Kieselgel 60 F 254 plates (Merck) with benzene-ethyl formate-formic acid (1 : 7 : 1, 1 : 5 : 2 v/v), dioxane-ethyl formate-formic acid (2 : 10 : 3, v/v), or cellulose F 254 (Merck) with 2% AcOH. Spots were detected by UV illumination, sprayed with 2% ethanolic FeCl 3 or 10% sulfuric acid reagent, and heated. Analytical reverse-phase HPLC was performed on a Cosmosil 5C 18 -AR II column (Nacalai Tesque Inc.; 4.6 mm i.d.ϫ250 mm) with gradient elution of 4-30% (39 min) and 30-75% (15 min) CH 3 CN in 50 mM H 3 PO 4 (flow rate 0.8 ml/min; detection with a JASCO photodiode array detector MD-910). Sanguiins H-2, H-6, and H-11 were used as the standards for monomeric, dimeric, and tetrameric ellagitannins, respectively. 7, 8) Preparative HPLC was performed on a Cosmosil 5C 18 -AR-II column (Nacalai Tesque Inc.; 10 mm i.d.ϫ250 mm) with 20-70% CH 3 CN in 0.5% TFA (a linear gradient elution). Tannase extracted from Aspergillus sp. was kindly provided by Sankyo Co., Ltd.
Plant Material R. suavissimus was collected in Gui-Lin, Guang-Xi province, China. A voucher specimen was deposited in the Kunming Institute of Botany herbarium.
Extraction and Separation Fresh leaves of R. suavissimus were steamed for 1-2 min after harvesting to inactivate enzymes that may degrade the chemical constituents, after which the leaves were dried at room temperature. The dried leaves (7 kg) were homogenized with 70% aqueous acetone. After filtration, the filtrate was concentrated in vacuo and dried with a spray dryer to yield an extract powder (1.2 kg). The extract was dissolved in H 2 O and subjected to Sepabeads SP825 (10 cm i.d.ϫ65 cm) column chromatography. After washing the column with water to elute out sugars and inorganic substances, the remaining compounds were eluted out with water containing increasing proportions of MeOH (0-100%, 10% stepwise elution, each 2 l) to give fractions mainly containing tannins (449 g), flavonoid glycosides (228.7 g), and diterpene glycosides (300.2 g). The tannin fraction was applied to a Sephadex LH-20 column (10 cm 1 : 1, 0 : 1 : 1, each 500 ml, stepwise elution) and gave three fractions containing oligomeric ellagitannins: frs. 7-1 (4.8 g), 7-2 (1.6 g), and 7-3 (3.0 g). Fr. 7-1 was applied to a Chromatorex ODS column (3.0 cm i.d.ϫ30 cm, 0-40% MeOH, 5% stepwise elution) to yield 10 (809 mg) and 11 (804 mg). Fr. 7-2 was also purified by Chromatorex ODS column chromatography in a similar manner to give another batch of 10 (70 mg) and 5 (132 mg). Fr. 7-3 was fractionated into four fractions on Chromatorex ODS column chromatography and further purified using preparative HPLC to yield 12 (90 mg) and 13 (60 mg).
Normal-Phase HPLC of Tannin Fractions and Ellagitannins Tannin fractions and isolated ellagitannins were analyzed using LiChroCART 250-4.0 Superspher Si 60 (Kanto Chemical Co., Inc.; 250ϫ4.6 mm i.d.) with nhexane-MeOH-tetrahydrofuran-HCO 2 H (100 : 30 : 10 : 1) containing oxalic acid (500 mg/l), 1-O-galloyl pedunculagin (MW 936): t R 3.6 min, sanguiin H-6 (MW 1870): t R 4.3 min, and sanguiin H-11 (MW 3738): t R 6.7 min. A linear correlation between the molecular weight and log t R value was observed (MWϭ10371ϫlog t R Ϫ48085, R 
